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Introduction 


r-p^HE  endocrine  glands  are  specific  chemical  factories  upon  which 
the  whole  organism  depends.  But,  like  all  factories,  their  ability 
to  produce  useful  products  depends  on  the  raw  materials  they  re¬ 
ceive.  In  discussing  the  relations  between  nutrition  and  the  endocrine 
system,  therefore,  we  are  dealing  with  the  relationship  between  raw 

materials  and  manufactured  products. 

Not  only  does  the  subject  cover  this  problem,  but  both  the  prod¬ 
ucts  of  the  endocrine  system  and  the  foods  themselves  are  used  as  es¬ 
sential  materials  in  certain  cells.  Thus  nutritive  effects  on  the  endo¬ 
crine  system  may  indirectly  affect  the  function  of  other  tissues.  A 
properly  controlled  experiment  in  nutrition  must  distinguish  between 
the  direct  results  of  the  nutritive  change  and  those  mediated  through 
the  endocrine  system.  Conversely,  a  study  of  the  metabolic  effects  of  the 
hormones  must  take  into  consideration  any  change  in  food  intake 
which  itself  would  influence  metabolism  in  the  body.  In  medicine  this 
interplay  should  be  kept  constantly  in  mind  both  in  diagnosis  and 
therapy. 

Problems  in  nutrition  cannot  be  approached  without  at  the  same 
time  considering  the  role  of  hunger.  How  is  it  controlled?  The 
regulation  of  hunger  by  the  hypothalamus  was  first  clearly  demon¬ 
strated  by  Smith  ( 1 )  in  rats.  He  found  that  obese  rats  were  not 
obtained  if  the  hypophysis  alone  was  removed;  but  if  the  hypo¬ 
thalamus  was  also  damaged,  obesity  resulted.  He  then  proceeded  to 
damage  the  hypothalamus,  leaving  the  hypophysis  intact,  and  found 
that  obesity  still  occurred.  The  same  result  has  been  observed  in  dogs, 
monkeys,  and  cats.  Brobeck,  Tepperman  and  Long  (2)  showed  that 
the  obesity  was  primarily  due  to  increased  food  intake.  If  the  food 
given  the  animals  was  limited  to  that  of  normal  rats,  there  was  no 


obesity.  However,  the  animals  with  hypothalamic  damage  would 
eat  the  normal  amount  of  food  in  a  very  short  time.  The  hypothalamus, 
therefore,  appears  to  contain  a  center  which  depresses  hunger. 

Another  important  observation  which  Long  and  his  co-workers  (3) 
made  is  that  the  rate  at  which  food  is  eaten  affects  its  utilization. 
Normal  animals  eat  small  amounts  of  food  throughout  the  day.  Rats 
were  trained  by  Long  to  eat  their  entire  daily  ration  in  a  two-hour 
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period.  These  animals  gained  more  weight  on  the  same  amount  of 
food  than  did  those  rats  which  ate  throughout  the  day.  This  illus¬ 
trates  the  importance  of  eating  habits  in  influencing  the  interpretation 
of  nutritional  problems. 

The  tone  of  the  gastric  musculature  is  also  an  important  regulator 
of  hunger.  The  decreased  food  intake  in  thiamine-deficient  rats 
appears  to  be  due  to  the  decreased  tone  of  the  gastro-intestinal  muscu¬ 
lature  (4).  If  an  animal  is  fed  a  thiamine-deficient  diet  by  stomach- 
tube  in  quantities  adequate  to  maintain  normal  growth  when  thia¬ 
mine  is  added,  there  is  a  gradual  swelling  of  the  abdomen  until  the 
animal  dies  because  the  greatly  distended  stomach  interferes  with  the 
circulation  and  the  respiration.  Very  little  of  the  food  passes  from 
the  stomach  into  the  intestine.  In  thiamine-deficiency,  therefore,  the 
loss  of  hunger  is  a  compensatory  phenomenon  due  to  the  decreased 
tone  of  the  gastric  muscle. 

Increased  energy  expenditure  also  seems  to  stimulate  hunger. 
This  is  seen,  of  course,  in  every  growing  animal.  An  example  of  loss 
of  this  stimulus  is  in  the  animal  (including  the  human)  with  pituitary 
destruction  but  an  intact  hypothalamus  (5).  Such  an  individual  has 
a  decreased  food  intake  but,  if  it  is  forced  to  consume  normal  amounts 
of  food,  the  material  is  absorbed  and  the  excess  deposited  as  fat 
(Table  1).  Stimulating  growth  in  such  an  animal  by  injection  of 
pituitary  hormones  will  also  stimulate  the  desire  for  food.  In  under¬ 
standing  the  interplay  between  the  hormones  and  nutrition,  the  effects 
on  hunger  and  on  eating  habits  must,  therefore,  be  distinguished 
from  those  acting  directly  on  the  fundamental  metabolism. 

Pancreas 

The  relation  between  the  endocrine  system  and  nutrition  was  per¬ 
haps  first  clearly  recognized  with  the  demonstration  of  the  internal 
secretion  of  the  pancreas.  In  the  total  absence  of  insulin,  carbohydrate 
is  largely  lost  in  the  urine,  protein  is  rapidly  broken  down,  and  the 
disturbances  in  the  utilization  of  carbohydrate  lead  to  utilization  of 
fat  by  the  most  rapid  means  possible:  its  conversion  into  acetone  bodies 
by  the  liver  and  their  oxidation  by  the  cells  of  the  tissues  in  general. 
Some  glucose  is  still  used  by  the  tissues  of  diabetic  animals,  but  many 
workers  do  not  agree  with  Soskin  (6)  that  at  ordinary  diabetic  blood 


PANCREAS 


5 


sugar  levels  the  consumption  of  glucose  represents  as  great  a  propor¬ 
tion  of  the  metabolism  as  in  normal  animals.  A  large  part  of  the 
energy  is  furnished  by  the  circulating  acetone  bodies. 

The  administration  of  insulin  definitely  increases  the  utilization  of 
glucose  and  its  conversion  to  muscle  glycogen,  while  it  decreases 

Table  i.  Caloric  Balance  on  Young  ForceTed  Rats  with  and  without  the  Hypophysis 


Rat  Number  4  5  7  8  10  11 


Type  of  preparation 

Days  on  diet 
Total  intake,  calories 
Unabsorbed  food,  calo 
ries 

Carbohydrate 

Protein 

Fat 

Total  unabsorbed  calo 
ries 

Increase  in  N  stored 
calories 

Increase  in  fat  stored 
calories 

Total  caloric  increase 
Calories  used 
Total  metabolic  rate 
Cal. /day 

Total  metabolic  rate* 
Cal./sq.  m./day 


Hypophy- 

sectomized 

22 

725.4 


“  »rmtyd  ^,0,  Centro, 


22 


32 


32 


54 


54 


745.1  1053.9  1053.9  1822.5  1822.5 


27.5 

21.5 
72.1 

121 . 1 

6.9 

96.7 

103.6 

500.7 

22.8 
10.3 


19-3 

14.6 
50.9 

84.8 

34-2 

80.6 
114.8 
545-5 

24.8 

10.7 


37-8 
24-  3 

65.2 

I27-  3 

16.2 

245.2 
261.4 

665.2 

20.8 
10. o 


^7-3 

17.5 

47-4 

92.2 

33- 4 

34- i 

67.5 
802.0 

25.1 

11 .6 


74.0 
41. 1 

138.9 

254.0 

17.9 

398.9 
416.8 

H55-7 

21 . 4 
9-3 


*  This  is  not  basal  metabolic 
(L.T.  Samuels,  R.  M.  Reinecke  and 


47.2 
25.9 

86.3 

159-4 

61 . 4 
81.6 

143-0 
1520. 1 

38.2 

12. 1 


rate,  but  the  average  total  calories  used  in  a  day. 
K.  L.  Bauman,  Endocrinology  33:  87,  1943.) 


gluconeogenesis  from  protein.  Price,  Cori  and  Colowick  (7)  have 
een  able  to  demonstrate  in  simple  systems  one  means  by  which 
insulin  brings  about  this  effect.  They  have  shown  that  a  pituitary 
extract  decreases  the  catalytic  activity  of  hexokinase  whereby  circu¬ 
lating  glucose  is  converted  into  phosphorated  glucose  in  the  muscle 
and  thence  into  glycogen.  Insulin  introduced  into  the  simple  system 
o  hexokinase  -  glucose  -  adenosine  triphosphate  -  pituitary  extract  in- 
nbits  the  action  of  the  pituitary  hormone  (Figure  1).  Rice  and  Evans 

(8)  also  have  published  evidence  that,  in  simple  systems,  insulin  will 
increase  the  oxidation  of  pyruvic  acid. 
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Fig.  1.  The  effect  of  anterior  pituitary  extract  (K  fraction)  and  insulin  on  puri¬ 
fied  muscle  hexokinase. 

The  hexokinase  activity  is  measured  manometrically.  The  disappearance  of 
adenosine  triphosphate  was  determined  chemically  at  the  end  of  the  experiment  and 
was  found  to  be  in  agreement  with  the  results  obtained  by  the  ma.nometric  procedure. 
Curve  I,  hexokinase;  Curve  II,  hexokinase  400  gamma  APE  75  gamma  insulin; 
Curve  III,  hexokinase  400  APE. 

(W.  H.  Price,  C.  F.  Cori  and  S.  P.  Colowick:  /.  Biol.  Chem.,  160:65'!),  1945.) 

We  have  here  then  a  substance  which  greatly  influences  the  utiliza¬ 
tion  of  one  of  the  major  foodstuffs.  This  was  recognized  many  years 
ago;  and  until  the  discovery  of  insulin,  the  only  means  by  which 
diabetes  could  be  even  partially  controlled  was  by  a  great  reduction 
in  the  amount  of  carbohydrate  in  the  diet.  At  the  same  time  the 
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acidosis,  due  to  increased  utilization  of  fat  by  means  of  acetoacetic 
and  beta-hydroxy  butyric  acid,  required  careful  control.  With  insulin 
available,  however,  the  ability  to  utilize  carbohydrates  can  be  restored. 

The  problem  of  maintaining  nutrition  in  controlled  diabetics  re¬ 
mains,  for  there  appears  to  be  a  quantitative  relation  between  the 
amount  of  insulin  and  the  carbohydrate  which  can  be  utilized.  The 
most  desirable  level  of  carbohydrate  in  the  diet  and  the  level  at  which 
blood  sugar  should  be  maintained  by  insulin  are  still  subjects  of 
debate  between  specialists  in  this  field,  and  most  workers  still  con¬ 
trol  mild  diabetes  by  reduction  in  carbohydrate  intake. 

Associated  with  the  decreased  utilization  of  carbohydrate  in  the 
insulin-deficient  individual  is  a  decreased  need  for  the  accessory 
factors  associated  with  carbohydrate  metabolism.  Thiamine,  niacin, 
and  perhaps  pantothenic  acid  act  as  coenzymes  in  carbohydrate  oxida¬ 
tion  systems.  The  need  for  these  vitamins  is  reduced  in  the  diabetic 
just  as  it  is  in  the  normal  animal  on  a  high  fat,  low  carbohydrate 
diet.  On  administration  of  insulin  the  intake  of  the  vitamin  B  com¬ 
plex  should  be  high,  since  tissue  concentrations  must  be  restored  as 
well  as  providing  for  the  increased  utilization  as  carbohydrate  is 
metabolized. 

Not  only  is  the  need  for  vitamins  of  the  B  complex  dependent  on 
the  available  insulin,  but  the  effectiveness  of  insulin  appears  to  be 
influenced  by  any  deficiency  of  these  factors.  Martin  (113)  found  that 
depancreatized  dogs  on  a  vitamin  B-deficient  diet  became  resistant 
to  insulin.  Elsom,  Lukens,  Montgomery  and  Jonas  (114)  found  a 
progressive  decrease  in  the  response  to  insulin  as  deficiency  of  the 
B  complex  was  produced  experimentally  in  a  woman  (Table  2).  On 
feeding  riboflavin  and  thiamine,  the  subject  became  abnormally  sensi¬ 
tive  to  insulin.  Biskind  (9)  feels  that  vitamin  therapy  is  effective 
in  decreasing  the  hormone  requirement  of  insulin-resistant  diabetes. 

There  are  certain  dangers  in  the  dietary  control  of  diabetes.  The 
pituitary  gland  is  sensitive  to  both  caloric  and  protein  deficiencies. 
Limitation  of  food  intake  on  a  restricted  diet,  coupled  with  the  in¬ 
creased  protein  breakdown  associated  with  insulin  deficiency  may 
lead  to  secondary  disturbances  in  gonadal  function  and  in  growth 
because  of  pituitary  insufficiency.  This  is  particularly  true  during  the 
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adolescent  period.  Two  cases  illustrating  this  condition  are  given 
in  the  section  on  the  pituitary  gland. 

Excessive  insulin  production  leads  to  the  opposite  effect  on  nutri¬ 
tion.  There  is  a  constant  demand  for  carbohydrates  to  maintain  the 
blood  sugar  level.  The  excess  glucose  not  converted  into  glycogen 
and  oxidized  is  converted  into  fat.  All  phases  of  carbohydrate  metab¬ 
olism  are  accelerated.  As  a  consequence,  along  with  the  increased  need 


Table  2.  Blood  Sugar,  Before  and  Following  the  Subcutaneous  Administration  of  2.5 
Units  of  Insulin  in  the  Different  Experimental  Periods  on  Female 

Subject,  Age  Sixty  Years 


Date 

1938 

Blood  Sugar 

Initial 

\  hour 

1  hour 

2  hours 

3  hours 

Maximal 
decrease 
in  blood 
sugar* 

mgm. 

mgm. 

mgm. 

mgm. 

mgm. 

per 

per 

per 

per 

per 

per  cent 

xoo  cc. 

IOO  cc. 

IOO  cc. 

IOO  cc. 

IOO  cc. 

Deficient  diet 

March  11 

7i 

66 

56 

59 

61 

21 

March  25 

70 

70 

63 

68 

78 

10 

April  29 

66 

76 

66 

70 

76 

0 

May  6 

77 

53 

49 

56 

62 

36 

Deficient  diet+thi' 

May  13 

66 

64 

65 

65 

66 

3 

amin 

May  17 

68 

61 

59 

58 

15 

May  27 

86 

OO 

ir> 

44 

52 

56 

49 

Deficient  diet+thi' 

May  31 

131 

IOI 

67 

48 

62 

63 

amin+riboflavin 

*  Maximal  decrease  in  blood  sugar  is  here  represented  as  the  per  cent  fall  from  the  initial 
blood  sugar  to  the  lowest  value  obtained  in  the  test. 

(K.  O.  Elsom,  F.  D.  W.  Lukens,  J.  Clin.  Investigation  1 9:  153,  194°-) 


for  carbohydrate  there  is  an  increased  need  of  thiamine,  niacin,  and 
other  accessory  factors  associated  with  carbohydrate  metabolism. 
Thiamine  deficiency  can  develop  in  such  individuals  when  the  intake 

would  be  ample  for  a  normal  person. 

The  work  of  Best,  Haist,  and  Ridout  (10)  has  established  the 
importance  of  the  diet  in  regulating  the  production  of  insulin  b) 
the  pancreas.  Apparently  a  high  fat  diet,  fasting,  or  insulin  administra 
tion  lowers  the  insulin  content  of  the  pancreas  below  that  on  a  high 
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carbohydrate  diet  alone.  High  protein  diets  give  intermediate  values. 
The  conclusion  seems  justified  that  the  carbohydrate  available  in  the 
diet  determines  the  production  of  insulin  by  the  normal  islet  cells  of 
the  pancreas.  Malignant  cells  of  islet  origin  are  apparently  less  sus¬ 
ceptible  to  changes  in  carbohydrate  level. 

If  insulin  production  is  stimulated  to  too  high  a  level,  the  islet 
cells  may  be  exhausted.  Lukens  ( 1 1 )  has  shown  that  this  occurs 
when  large  doses  of  anterior  pituitary  diabetogenic  extract  are  given 
to  partially  depancreatized  rats.  Houssay  (12)  has  demonstrated  the 
same  effect  in  rats  when  total  catabolism,  and  therefore  conversion 
of  protein  to  glucose,  has  been  increased  by  administration  of  thyroid 
hormone.  In  neither  of  these  cases,  however,  were  the  investigators 
able  to  obtain  exhaustion  diabetes  in  rats  with  completely  normal 
pancreases. 

The  role  of  the  vitamins  in  insulin  production  is  still  uncertain. 
The  problem  which  arises  in  much  of  this  type  of  work  is  to  distin¬ 
guish  the  effect  of  general  inanition  from  that  of  the  vitamin.  In 
the  case  of  thiamine,  reduction  in  insulin  production  accompanies  de¬ 
ficiency,  but  this  was  found  to  be  due  to  the  inanition  rather  than 
thiamine  per  se  since  animals  limited  to  the  same  food  intake  but 
receiving  ample  thiamine  showed  a  similar  drop  in  insulin  con¬ 
tent  (10).  The  insulin  content  of  the  pancreas  of  ascorbutic  guinea 
pigs  is  reported  to  be  reduced  to  one-eighth  of  the  normal  (13,  14) 
ut  no  control  of  food  intake  by  paired  feeding  is  reported.  An  ex- 

cellent  review  of  the  effect  of  diet  on  the  insulin  content  of  the 
pancreas  has  been  published  by  Haist  (15). 


i  hyroid  Gland 

ti  Jhn  tlT'i  Slrd  aTtS  nUtnti°n  throu«h  its  influence  absorp¬ 
tion  on  the  basal  metabolic  rate,  and  on  anabolic  processes 

the  rate  of  absorption  of  those  substances  which  pass  through  the 

““  h  ota  m.«  than  simp, e  diffusion  is*-  S ' 

3 

is^dmTniste^in  excess”  teTattof Tso^  ^  ^ 

is  increased  above  normal  (Table' 3°.  This" Ceased mte  ofabsorp- 
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tion  of  glucose  in  hyperthyroid  subjects  accounts  for  the  high  oral 
glucose  tolerance  curves  which  are  often  seen  (17).  Unless  fasting 
blood  sugars  are  above  the  normal  level,  such  tolerances  do  not 
indicate  diabetes  but  simply  the  increased  rate  of  passage  from  the 
intestinal  tract.  The  converse  is  true  in  myxedema.  These  patients 
often  show  a  flat  glucose  tolerance  curve  when  the  carbohydrate  is 
administered  by  mouth.  Much  more  can  be  learned  regarding  glucose 


Table  3.  Intestinal  Absorption  of  Carbohydrates  in  Normal,  Hyperthyroid 

and  Thyroidectomized  Rats 


Substance 

administered 

Amount  absorbed  in  one 

Experimental  condition 

hour  per  100  gm.  of 
weight,  mg. 

Normal 

Dextrose 

171  +  14* 

Hyperthyroid 

Dextrose 

284+  30 

Thyroidectomized 

Dextrose 

9i±  5 

Normal 

Galactose 

187  +  27 

Hyperthyroid 

Galactose 

273+18 

Normal 

Starch 

126+24 

Hyperthyroid 

Starch 

196+ 14 

*  Standard  deviation. 

(T.  L.  Althausen,  uy.  101,  1940.) 


utilization  in  patients  with  thyroid  disturbance  if  intravenous  tol¬ 
erances  are  used. 

The  absorption  of  amino  acids  does  not  seem  to  be  disturbed 
by  changes  in  thyroid  function  (lb).  Disturbances  of  absorption 
cannot,  therefore,  account  for  failure  of  growth  in  hypothyroid  in¬ 
dividuals. 

Aside  from  the  effect  on  absorption,  the  thyroid  gland  does  not 
seem  specifically  to  affect  carbohydrate  metabolism  as  a  whole.  Rus¬ 
sell  (18)  showed  that  in  hypophysectomized  animals  the  administra¬ 
tion  of  thyroxin  restored  the  reduced  absorption  in  the  gut,  but  did 
not  change  the  distribution  of  absorbed  carbohydrate  from  the  pat¬ 
tern  seen  in  untreated  pituitary  deficiency.  In  such  animals  an) 
abnormalities  in  carbohydrate  metabolism  due  to  the  treatment  would 
be  most  easily  noticed  because  the  compensatory  adjustments  con 
trolled  by  pituitary  hormones  are  eliminated. 
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The  most  widely  known  effect  of  the  thyroid  hormone  is  its  effect 
on  the  oxidative  metabolism  of  the  cells  of  the  resting  organism. 
Apparently  the  thyroid  hormone  increases  the  catabolic  rate  and  the 
output  of  energy  of  practically  every  cell  of  the  body.  Its  outward  evi¬ 
dences  are  well  known  in  the  mental  sluggishness  and  muscular  slow¬ 
ness  of  the  hypothyroid  individual,  together  with  the  extreme  nerv¬ 
ousness  and  muscular  over-activity  of  the  hyperthyroid  subject.  Be¬ 
cause  of  this  effect  less  food  is  needed  in  hypothyroidism  and  more 
in  hyperthyroidism.  This  is  particularly  true  of  the  energy  yielding 
foods,  but  it  is  also  the  case  with  proteins. 

The  interplay  of  appetite  in  the  disturbances  of  the  thyroid  gland 
must  be  taken  into  consideration  in  the  thyroid  patient.  It  is  rare 
to  see  a  truly  obese  individual  with  hypothyroidism.  The  slower 
emptying  of  the  intestinal  tract,  together  with  the  decreased  protein 
anabolism,  leads  to  a  reduction  of  hunger  which  in  some  cases  may 
overcompensate  for  the  reduced  metabolism.  On  the  other  hand  in 


severe  hyperthyroidism  the  appetite,  while  voracious,  is  not  stimu¬ 
lated  to  the  point  of  energy  balance  so  that  ordinarily  there  is  a 
tendency  to  catabolize  body  protein  in  addition  to  that  in  the  food. 

The  thyroid  hormone  is  of  fundamental  importance  in  protein 
synthesis.  The  thyroidectomized  animal  or  the  cretin  child  does  not 
grow:  it  becomes  pot  bellied  but  it  is  rarely  obese.  Administration 
of  pituitary  growth  hormone  to  thyroidectomized  animals  has  less 
effect  than  in  normal  animals  ( 1 9 ) ,  ( Figure  2 ) .  Evans  and  co-workers 
(20)  have  found  that  in  hypophysectomized  rats  the  administration 
of  a  combination  of  the  growth  hormone  and  thyrotrophic  hormone  is 
synergistic;  the  combined  effect  is  greater  than  the  sum  of  either 
alone.  While  the  clear-cut  evidence  of  the  interrelationships  of  these 
two  important  factors  in  growth  has  only  recently  been  worked  out 
c  .meal  experience  had  long  ago  demonstrated  the  importance  of 

thyroid  function  in  growth  even  where  the  thyroid  was  not  the 
primary  deficiency  involved. 

While  adequate  thyroid  hormone  is  necessary  for  growth  in  young 

\  *  S’  eXCeSS  Wlil  cause  loss  °f  weight  in  adults.  The  failure  to 

“  d"\U  *  “  *"«  "I 

ssential  factor.  The  increased  catabolic  processes  involve  increased 
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amount  of  essential  substances  necessary  for  simple  replacement  in¬ 
creases.  This  has  been  particularly  well  demonstrated  by  Drill  and 
co-workers  in  the  case  of  thiamine,  pyridoxin  and  pantothenic  acid 
(21).  Weight  restoration  can  often  be  achieved  by  addition  of  these 


(R.  O.  Scow  and  W.  Marx:  Anat.  Rec.,  91- 227,  1945.) 


factors  (22).  Eventually,  however,  with  increasing  hyperthyroidism 
the  increased  rate  of  catabolism  exceeds  the  stimulus  to  hunger,  and 
in  spite  of  the  high  quality  of  the  diet  a  positive  nitrogen  balance 
goes  over  into  a  negative  one.  A  limit  is  thus  put  on  the  thyroid  as 


an  anabolic  factor. 

The  influence  of  the  thyroid  gland  on  the  metabolism  of  the  cells 
in  various  organs  has  an  effect  on  certain  specific  processes  which 
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affect  nutrition.  In  the  thyroidectomized  animal  carotene  is  not  con¬ 
verted  to  vitamin  A  at  a  normal  rate  (23,  24,  25).  The  liver  seems 
to  be  unable  to  split  the  carotene  chain.  Vitamin  A  deficiency  may, 
therefore,  be  a  complication  of  hypothyroidism,  on  a  diet  which 
would  normally  supply  a  sufficient  amount  of  its  precursors.  Carote- 
nemia  is  also  often  present.  Drill  (26)  has  reviewed  the  literature 
on  the  relation  of  thyroid  function  to  the  vitamins. 

Not  only  does  the  thyroid  affect  nutrition,  but  it,  in  turn,  is  affected 
by  nutrition.  Iodine  deficiency  was  shown  many  years  ago  to  be  re¬ 
sponsible  for  the  development  of  simple  goiter.  This  enlargement 
is  apparently  due  to  the  increased  size  and  number  of  cells  associated 
with  more  efficient  utilization  of  the  iodine  available.  The  importance 
of  maintaining  an  adequate  iodine  supply  is  so  well  known  today  that 
it  need  not  be  discussed  in  detail. 

Animals  on  a  diet  insufficient  to  maintain  nitrogen  and  weight 
balance  or  during  complete  starvation  have  reduced  basal  metabolic 
rates.  Hundhausen  (27)  claims  that  this  is  due  specifically  to  vitamin 
Bi  deficiency,  but  the  work  of  Drill  would  indicate  that  it  is  primarily 
due  to  caloric  restriction.  The  effect  is,  apparently,  directly  on  the 
hypophysis  and  only  indirectly  on  the  thyroid  gland  through  reduced 
production  of  the  thyrotrophic  hormone. 

Vitamin  A  seems  to  be  antagonistic  to  the  thyroid  gland.  As  early 
as  1923  McCarrison  (28)  reported  that  administration  of  cod  liver 
oil  would  delay  metamorphosis  of  tadpoles  receiving  a  high  iodine 

intake.  This  has  been  shown  to  be  due  to  the  vitamin  A  content  of 
the  oil  (29) . 


Specific  diets  affect  thyroid  function.  This  was  first  observed  when 
a  cabbage  diet  produced  goiter  (30)  in  rabbits.  Rape  seed  and  soy 
bean  diets  also  had  the  same  effect  (31,  32).  The  active  principles  in 
these  various  diets  appear  to  be  nitriles.  Methylcyanide  (acetonitrile) 
was  found  by  Marine  (33)  to  be  a  definite  goitrogenic  agent.  It 
indirectly  stimulates  greater  production  of  thyrotrophic  hormone  by 
interfering  with  the  up-take  of  iodine  by  the  thyroid  gland  (5n 
uman  diets  are  rarely,  ,f  ever,  high  enough  in  these  substances  to 
cause  the  development  of  obvious  goiter,  but  a  few  cases  have  been 
reported  when  potassium  thiocyanate  has  been  used  as  a  therapeutic 


14 


NUTRITION 


w 

o 

z 

< 

H 


M 

PC 

Q 

Z 

< 

z 

o 

P 

C U 
2 
D 

co 

Z 


CO 

erf 
O 
ctf 
b5 

w 

Q 

2 
< 
Q 
Z 
< 
H 
O 

U  £ 

z  £ 

W 

*  x 

°  e 

H  ^ 

x  z 

o  W 

S  £ 

£  O 

Q  g 

^3-i  CO 

X  g 

H  D 

-  o 

£  £ 

o  < 

*  *2 

o  S 

S  “ 

“3 

s  „ 

O  S 

.-I  < 

5  3 
<  ^ 
Pi  H 
X  tj 
2  § 

H< 

§1 

<  a n 

ca 

< 

Cu 

o 

t—t  V 

o  CO 

<c  w 
^  <* 
D 

O  So 

N  W 

z  2 

5 

CQ 


2 

2 

o 

O' 


o 


o 

z 

2 

< 

< 

pi 


<  CQ 

^  Q 

o  o 

co  D 
H  Q 
O  « 

S  pc 

w  2 


w 

►J 

CQ 

< 

H 


u 

rd 

1-4 

3 

o 

-X 

H 


rt 

-Q 

n3 

Cu 


n3 

> 

0 

’> 

a 

!~) 

D 

•  *H 

4-> 

CO 

co  -X 
X  \ 
O  X 

o  a 


o 

o 


£  ^ 
•  an 

£  a 

X  w 

H 


x  • 

'x  a 

tab  an 


d  a 
£  g 


4/ 

£ 

•  *— < 

4-> 

s — s 

*— 1 

CO 

cd 

> 

C 

•  iH 
> 

T 

t-i 

X 

c n 

co  _r> 

a  ^ 

O  CM 

u  e 

c5^ 

o 

o 


.  an 

u  a 


>N 

-X 

H 


an 


an 


6  e 

^  I 


Q  8 


AND  HORMONES 


*  *  * 
w  ft  ct 


o  o  o 

ct  ft  ct 


AAA 


to 

rn  >-i  <s 

o  o  o 

odd 

+1  +1  +1 
h  lr»  t*» 
I>  VO  VO 

odd 


O  a<  M 
•  •  • 

+1  +1  +1 

tr  OO  to 

t<i  h  t 

*/-■  VO 


Ov  VO  t" 
h  ft  rl 


ct  ft 


ft 

M 


*  *  * 

* 

«/-n  r~  vo 

o«t  rO  M 

<S 

00  vo  VO 

cO 

+1  +1  +1 

+1 

ft  00  ^ 

M 

w  ra  00 

lr 

to  00  t' 

cn 

10  rt  3 

w 

O  O  O 

O 

odd 

d 

+1  +1 

+1 

tc^  m 

r-~ 

t"  r~~  vo 

co 

0 

odd 

'o 

d 

ct  0 

00 

rO 

>-I  d 

rO 

O 

+1  +1  +1 

+1 

d  O 

ft 

vd  A 

M 

A 

<S  rO 

w 

-4— 

M-  VO 

00  0-^0 

rO  M- 

*rv 

ft  ^ 

Ct  m 

(S 

vO 

l-l  M 

M 

1-0 

C»  O 

Jr 

rt  m 

c!>  vi 

i 

O 

M  (S 

''t* 

Number  or  animals  surviving  the  twomour  exposure  to  190  mm.  Hg. 
t  Weight  gains  20,  28,  and  42  days  after  start  of  the  experiment. 

(A.  S.  Gordon,  E.  D.  Goldsmith  and  H.  A.  Charipper,  Endocrinology,  37:  223,  1945.) 


ADRENAL  CORTEX 

Para  aminobenzok  acid,  a  doubtful  member  of  the  vitamin  B  com¬ 
plex,  when  administered  in  large  dosage,  causes  thyroid  hyperplasia 
associated  with  a  reduction  in  metabolic  rate  (34,  35).  The  data  of 
Gordon  et  al.  are  given  in  Table  4.  At  the  same  time  changes  which 
are  ordinarily  associated  with  thyroidectomy  occur  in  the  anterior 
hypophysis.  Apparently,  para  aminobenzoic  acid  interferes  with  the 
enzyme  systems  involved  in  the  synthesis  of  thyroxin  from  iodine 
and  tyrosine. 

Thtouracil,  the  drug  now  being  widely  used  in  the  treatment  of 
hyperthyroidism,  acts  in  a  similar  manner.  Since  iodine  cannot  be 
combined  into  hormonal  form,  the  symptoms  of  iodine  deficiency  exist 
in  the  presence  of  ample  iodine  in  the  diet. 

If  estrogens  are  administered  to  rats  on  a  diet  low  in  iodine,  Gassner 
et  al.  have  shown  that  hyperplasia  of  the  thyroid  gland  is  largely  pre¬ 
vented,  and  colloid  is  stored  even  though  the  iodine  content  is  very 
low  (36).  Stilbestrol  seems  more  effective  than  estrone  (Figure  3). 
This  may  be  a  case  of  the  estrogens  depressing  pituitary  function  in 
general  more  than  iodine  restriction  stimulates  thyrotrophic  hormone 
formation. 

It  is  obvious  then  that  the  function  of  the  thyroid  must  be  con¬ 
sidered  in  evaluating  the  nutrition  of  an  individual.  In  hyperthyroid¬ 
ism  there  should  be  diets  high  in  calories,  in  the  vitamin  B  complex, 
in  methylating  agents  (choline,  methionine)  and  in  the  essential 
amino  acids.  On  the  other  hand,  in  hypothyroidism  these  substances 
are  not  needed  to  the  same  extent,  but  thought  must  be  given  to  an 
adequate  source  of  vitamin  A  as  distinguished  from  vitamin  pre¬ 
cursors.  The  importance  of  the  thyroid  hormone  in  connection  with 
protein  anabolism  must  always  be  considered  when  disturbances  in 
growth  are  present.  Finally,  the  effect  of  diet  on  the  gland  itself  must 
be  kept  in  mind,  particularly  in  those  individuals  with  dietary  aber¬ 
rations. 

Adrenal  Cortex 

The  adrenal  cortex  affects  nutrition  through  its  influence  on  endog¬ 
enous  protein  metabolism.  The  effect  is  not  marked,  however,  except 
under  stress  or  during  fasting.  An  adrenalectomized  rat  can  handle 
diets  of  widely  different  composition  if  salt  or  desoxycorticosterone 
is  administered.  Whether  adrenalectomized  animals  on  carbohydrate- 
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deficient,  high  protein  diets  can  be  successfully  maintained  is  under 
some  dispute.  Eversole  (37)  was  unsuccessful  with  desoxycorti- 
costerone  alone.  On  the  other  hand  Segaloff  (38)  reports  good  growth 
and  survival  when  desoxycorticosterone  pellets  were  implanted  and  a 
diet  free  from  carbohydrate  and  containing  crude  casein  was  fed. 
When  a  high  fat  diet  very  low  in  both  protein  and  carbohydrate  is 
fed  by  stomach  tube,  adrenalectomized  rats  will  survive  for  several 
days  but  not  so  long  as  the  normal  animal  (39).  They  die  in  hypo¬ 
glycemia.  At  autopsy  one  finds  that  the  labile  fraction  of  liver  protein 
has  disappeared  but  there  has  been  relatively  little  utilization  of 
peripheral  protein. 

Likewise  on  fasting,  the  adrenalectomized  animal  is  not  able  to 
utilize  endogenous  protein  for  the  formation  of  carbohydrate  and, 
as  a  consequence,  dies  from  hypoglycemia.  It  is  not  only  unable  to 
mobilize  endogenous  protein  outside  the  liver  but  it  is  unable  to 
utilize  fat  from  fat  depots  at  a  normal  rate.  Hepatic  fat,  however, 
seems  to  be  available  for  energy  (40),  (Figure  4). 

Apparently  pantothenic  acid  in  the  rat  is  closely  linked  to  adrenal 
function.  One  of  the  results  of  pantothenic  acid  deficiency  in  rats 
is  adrenal  hemorrhage  and  necrosis  (41).  Gaunt  (42)  found  that 
in  either  pantothenic  acid  or  riboflavin  deficiency  there  was  a  de¬ 
creased  resistance  to  water  intoxication.  Resistance  was  restored  by 
cortical  hormones.  Ralli  (43,  44)  has  also  shown  a  relationship 
between  the  failure  of  hair  pigmentation  in  pantothenic  acid  deficiency 
and  the  adrenals.  Adrenalectomy  of  rats  on  a  pantothenate-deficient 
diet  led  to  increased  growth  and  repigmentation  of  the  hair.  Adminis¬ 
tration  of  desoxycorticosterone  prevented  repigmentation 

Whether  protein  intake  affects  the  function  of  the  adrenal  cortex  is 
open  to  dispute.  Tepperman,  Engel  and  Long  (43)  reported  an  en- 


gkndS  °f  a  i°dine  diet. 

forB12Tweeksd  ^  ^  ^  W  ^  injeCted  with  thirty  gamma  estrone  daily 

daily  fo/12  weeks^  ^  ^  10dme  ^  mjected  with  gamma  diethylstilbestrol 

xyGass°f  "Vl  l0,7  i0dme  diCt  plUS  2'44  gamma  12  daily  for  12  weeks 
(F.  X.  Gassner:  M.  S.  thesis,  Colorado  A.  and  M.  College.) 


Liver  Fat,  Gm./lOO  Gm.  Body  Wt.  Depot  Fat,  Gm./lOO  Gm.  B.W.  Muscle  Fat 
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largement  of  the  adrenal  cortex  in  young  rats  on  three  high  protein 
diets.  On  the  other  hand  Ingle  (46),  and  Samuels,  et  al.  (47) 
(using  other  sources  of  protein,  and  adult  rats)  found  no  effect. 
Benua  and  Howard  (48)  observed  no  influence  in  mice.  The  adrenal 
enlargement  may  depend  on  the  age  of  the  animals  used.  Again 
the  difference  in  effect  may  be  an  indirect  one  caused  by  changes  in 
ascorbic  acid  synthesis  or  utilization. 

It  seems  well  established  that  ascorbic  acid  is  intimately  involved  in 
adrenal  function.  The  ascorbic  acid  content  of  the  adrenal  cortex  is 


Table  5.  Effect  of  Adrenotropic  Hormone  on  Cholesterol  and  Ascorbic  Acid 
Content  of  Adrenals  of  24'DaY'Old  Rats 


Interval  between 
administration  of 
adrenotropic  hormone 
(4  mg./ 100  g.  body  wt.) 
and  removal  of  adrenals 

Adrenal  cholesterol 

Adrenal  ascorbic  acid 

No. 

rats 

Mg.  per  100  mg. 
fresh  tissue 

No. 

rats 

Mg.  per  100  g. 
fresh  tissue 

Controls 

20  minutes 

1  hour 

3  hours 

6  hours 

9  hours 

12  hours 

24  hours 

4? 

6 

27 

8 

8 

4 

7 

3.03  +  0.08* 

2.62  +  0.24 

1  •  57  +  0.07 

1.71  +  0.08 

1.80  +  0. 11 
1.98+0.24 
3.06+0. 19 

8 

5 

5 

5 

5 

5 

4 

2 

314.2+  6.1 
212.6+  6.1 
134.2+  6.9 

141.3  +  11.3 
^37-0+  15.2 
293-9+  6.1 
327.7+  16.6 

351.4 

*  Mean  and  standard 

error. 

(G.  Sayers,  M.  A.  Sayers,  H.  L.  Lewis,  and  C.  N.  H.  Long,  Proc.  Soc.  Exher.  Biol  Med 
55:  238,  1944.) 


very  high;  in  fact  it  was  from  this  source  that  the  vitamin  was  first 
crystallized  by  Szent-Gyorgyi  (49).  Whenever  there  is  an  increased 
synthesis  and  release  of  cortical  hormones  due  either  to  stress  or  to 
direct  injection  of  adrenotrophic  extracts,  there  is  a  rapid  fall  in 
ascorbic  acid.  Sayers  (50)  has  used  this  fall  in  ascorbic  acid  as  a 
means  of  exploring  the  adrenal-pituitary  axis  and  as  a  method  of  assay 
for  adrenotrophic  and  cortical  hormones.  Since  cholesterol  falls  at  the 
same  time,  although  more  slowly,  it  is  inferred  that  ascorbic  acid  is 
invo  ved  in  synthesis  of  cortical  steroids  from  this  source  (Table  5). 

he  dependence  of  the  adrenals  on  ascorbic  acid  in  the  diet  cannot 
be  readily  demonstrated  in  those  animals  which  synthesize  most  of 
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Table  6.  Acetonuria  During  Early  Days  of  Fasting  in  Normal  Humans 


Subject 

Fast 

No. 

Height 

Weight 

Surface 

area 

Acetonuria,  gm.  per  sq.  m. 

Control 

1st 

day 

2nd 

day 

3rd 

day 

4th 

day 

in. 

lbs. 

sq.  m. 

Female: 

R.B. 

1 

64 

165 

1.80 

0.07 

0. 14 

7-54 

9-03 

8.18 

2 

157 

1.77 

0.02 

0.07 

3-03 

10.84* 

it 

148 

1 . 72 

0.02 

0.15 

7.05 

G.C.D. 

1 

62 

131 

1.60 

0.02 

0.03 

2.51 

12.92 

2 

134 

1.62 

0.02 

0.02 

1. 16 

9.00 

7-57 

it 

140 

1.64 

0.05 

3-04 

9.62 

M.G. 

1 

57 

100 

i-35 

0.00 

2.17 

4-47 

4.96 

7-30* 

R.M. 

1 

66 

124 

1.63 

0.05 

0-34 

4-03 

6. 11 

6.24* 

V.T. 

1 

64 

M7 

1 -71 

O.OI 

2.49 

5-45 

9-43 

6.60 

2 

144 

1.70 

O.OI 

0.27 

3-45 

4.89 

4.68 

3 

147 

1 -71 

0.00 

0.21 

4.96 

7.89 

5-3* 

Male: 

J.S.B. 

1 

70.5 

150 

1 . 86 

0.04 

0.04 

0.05 

0.28 

o-37 

2 

152 

1.87 

0.07 

0.49 

i-93 

4.02 

3 

154 

1.88 

0.00 

0.00 

0.27 

2.16 

3-30 

H.J.D. 

1 

70.5 

190 

2.05 

0.02 

0. 12 

1. 00 

2.86 

3.80 

2 

186 

2.04 

0.02 

0.14 

2.46 

3-95 

4-38 

3 

190 

2.05 

0.03 

0.06 

1  •  41 

2.25 

4.16 

P.L. 

1 

68 

148 

1.80 

0.04 

0.04 

0.52 

1 . 12 

2-39 

2 

151 

1.82 

0.02 

O.OI 

0.17 

0.77 

1.06 

3 

157 

1 . 84 

O.OI 

0.03 

0.27 

0.71 

0.90 

P.W.S. 

1 

68 

137 

i-74 

0.04 

0.02 

0.C3 

0.06 

0.16 

2 

142 

x.77 

0.02 

1. 01 

0.69 

1.97 

3 

144 

1 . 78 

0.00 

0.00 

0.71 

1.79 

1.92 

C.T. 

1 

7° 

240 

2.26 

0.04 

0.02 

0.27 

0.70 

1.86 

2 

240 

2.26 

O.OI 

0. 10 

0.81 

4*6of 

3  •  34T 

3 

240 

2.26 

0.00 

0.02 

0.23 

0.57 

2.15 

*  Estimated  from  eightTour  period. 

J  Menstruation  just  preceding  or  during  period  of  fast, 
f  Hard  manual  labor  during  this  experiment. 

(H.  J.  Deuel,  Jr.  and  M.  Gulick,  J.  Biol.  Chem.,  96:  25,  T932-) 
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this  compound.  Only  the  guinea  pig,  monkeys,  and  man  are  readily 
available  species  which  require  this  vitamin.  No  studies  have  been 
directed  toward  this  problem  in  man,  but  in  the  guinea  pig  the 
ascorbic  acid  of  the  adrenal  falls  on  a  scorbutic  diet,  and  at  the  same 
time  the  ability  to  resist  stress  decreases.  The  same  is  probably  true 
in  man.  The  effect  of  ascorbic  acid  in  the  diet  on  the  regeneration 
of  cortical  tissue  should  be  studied. 

Since  certain  phases  of  protein  metabolism  appear  to  require 
ascorbic  acid  (52),  it  may  be  that  the  effects  of  high  protein  diet  on 
the  adrenals  is  dependent  on  its  influence  on  the  availability  of 
ascorbic  acid,  particularly  in  the  young  animal.  Unless  ample  ascorbic 
acid  is  supplied,  the  premature  infant  shows  the  same  disturbances 
in  amino  acid  metabolism  which  are  seen  in  the  scorbutic  guinea 
Pjg  (53). 

Gonadal  Hormones 


The  gonadal  hormones  have  definite  effects  on  the  disposition  of 
foodstuffs.  The  estrogens  exert  their  influence  largely  on  the  balance 
between  carbohydrate  and  fats.  Deuel  and  co-workers  (54)  demon¬ 
strated  that  female  rats  and  humans  have  an  increased  tendency  to¬ 
wards  ketosis  on  any  ketogenic  diet  or  during  fasting.  The  effect  of 
fasting  in  humans  is  well  illustrated  in  Table  6  taken  from  their  data. 
This  was  accompanied  by  a  greater  accumulation  of  fat  in  the  livers 
(55).  Ovariectomy  eliminated  this  tendency  and  produced  a  nutri¬ 
tional  balance  resembling  that  of  castrate  or  normal  males.  Ingle  (56) 
has  been  able  to  produce  diabetes  in  the  normal  rat  by  injection  of 
large  doses  of  estrogen.  He  has  shown  that  this  is  a  direct  effect  on 
carbohydrate  metabolism  because  he  was  able  to  get  a  similar  result  in 
hypophysectomized  adrenalectomized  rats  which  were  maintained 
With  constant  doses  of  pituitary  and  adrenal  extract  (57).  The 
mechanism  by  which  estrogens  increase  fat  metabolism  and  decrease 
carbohydrate  utilization  has,  as  yet,  not  been  determined. 

The  estrogens  also  affect  deposition  of  bone.  Gardner  et  al  (581 
have  shown  that  administration  of  large  doses  of  these  hormones  may 
cause  almost  complete  calcification  of  marrow  cavities  of  the  long 
bones.  The  force  required  to  break  such  bones  is  compared  with  that 
for  untreated  animals  in  Figure  5.  The  calcium  balance  becomes 
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Fig.  5.  Average  "breaking  strength”  of  the  femurs  of  the  hybrid  male  and  female 
mice  of  the  estrogen-treated  and  control  groups  at  different  ages. 

(W.  U.  Gardner:  Endocrinology,  32:149,  1943.) 


positive.  Progesterone  appears  to  offset  this  tendency  to  calcification 
both  in  rats  given  estrogens  and  in  normal  animals  (59). 

The  estrogens  are  related  to  vitamin  needs,  but  in  different  ways 
in  various  species.  Hertz,  Fraps  and  Sebrell  (60)  have  found  that 
the  action  of  estrogens  plus  progesterone  on  the  avian  oviduct  induces 
the  formation  of  avidin,  the  protein  which  combines  with  biotin  and 
prevents  its  absorption  from  the  intestinal  tract. 
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When  Ershoff  and  Deuel  (6l)  fed  alpha-estradiol  at  a  level  of 
five  mg.  per  kilogram  of  diet,  there  was  a  reduction  in  body  weight 
and  gonad  weight  if  the  diets  contained  the  usually  known  synthetic 
vitamins  of  the  B  complex  in  either  normal  or  increased  amount. 
When  such  animals  had  yeast  added  to  their  diets,  however,  normal 
growth  and  normal  development  of  the  gonads  was  maintained.  This 
would  indicate  that  one  of  the  less  well-defined  factors  is  capable  of 
offsetting  the  detrimental  effects  of  the  estrogen. 

A  direct  influence  of  folic  acid  on  the  response  of  the  oviduct  of 
birds  to  the  injection  of  estrogens  has  been  demonstrated  by  Hertz 
(62).  Apparently  the  relationship  in  rats  is  not  so  marked.  De¬ 
ficiencies  of  pantothenic  acid,  riboflavin  or  pyridoxine  did  not  ap¬ 
parently  affect  the  response  of  the  oviduct  despite  the  accompanying 
effect  on  growth. 

While  pantothenic  acid  showed  no  disturbance  in  the  oviduct  re¬ 
sponse  of  the  chicken,  Nelson  and  Evans  (63)  found  that  this 
vitamin  is  necessary  for  implantation  and  intra-uterine  development 
in  rats.  Niacin  had  no  influence  on  pregnancy. 

The  role  of  vitamin  A  in  the  estrous  cycle  has  been  disputed.  When 
deficiency  is  produced,  keratinization  of  epithelial  cells  occurs  in  all 
parts  of  the  body,  and  the  uterus  and  vagina  are  not  immune.  The 
vaginal  smear  from  such  an  animal  will  resemble  that  of  continuous 
estrus.  Richter  (64)  has  found,  however,  that  the  variations  in  ac¬ 
tivity  coinciding  with  the  estrous  cycle  still  occur  at  four  to  five  day 
intervals  and  the  ovaries  appear  to  follow  a  normal  course.  The 
most  probable  explanation  is  that  the  gonadal  hormones  are  produced 
in  their  proper  order  but  they  cannot  act  normally  on  the  keratinized 
epithelium  of  the  deficient  individual. 


Sherwood  (65)  has  claimed  that  excessive  vitamin  A  interfered 

w.th  the  normal  cornification  of  the  vagina  following  endogenous  or 

exogenous  estrogen,  but  three  other  groups  of  workers  have  been 

una  e  to  find  any  untoward  effects  of  excess  vitamin  A  on  the 

gonads  (66  67,  68).  It  seems  doubtful  that  any  significant  damage 

o  luman  beings  could  be  done  by  administration  of  vitamin  A  in 
the  ordinary  dosage  used. 

Ascorbic  acid  also  seems  to  be  specifically  involved  in  the  reactions 
the  genital  system.  As  in  the  case  of  the  adrenals,  where  its  rela- 
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A 


B 


Fig.  6.  A.  Ovariectomised  rat  injected  with  eight  gamma  oestradiol  benzoate- 
butyrate  three  times  only  during  first  week  of  experiment.  Lumen  without  mucosal 
foldings,  high  epithelium.  Approximately  in  middle  of  section,  squamous  meta¬ 
plasia  in  four  mucosal  glands,  in  two  on  left  of  uterine  lumen  completely,  and  in 
the  others  (right  of  uterine  lumen)  partially  closing  the  lumen  of  the  glands.  Rat 
256  g.,  uterus  153  mg. 

B.  Ovariectomised  rat  injected  during  first  week  with  oestradiol  benzoate-butyrate 
(as  in  Figure  1)  and  during  four  following  weeks  with  two  mg.  progesterone 
daily  six  times  a  week.  Typical  progestational  changes — foldings  of  mucosa,  low 
columnar  epithelium,  uneven  enlarged  lumen.  Rat  260  g.,  uterus  203  nig. 

C.  Ovariectomised  rat  injected  with  oestradiol  benzoate-butyrate  as  in  Figure  1,  but 
receiving  during  four  following  weeks  vitamins  B  and  C.  The  foldings  of  the  mucosa 
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tion  to  hormone  metabolism  is  established,  ascorbic  acid  is  particu¬ 
larly  high  in  the  corpus  luteum  (69).  It  seems  to  be  low  in  other 
ovarian  structures  and  in  follicular  fluid.  It  increases  in  concentration 
during  the  development  of  the  corpus  luteum  and  decreases  during  re¬ 
gression  (70). 

The  effect  of  ascorbic  acid  on  progestational  phenomena  is  not 
simply  on  formation  of  progesterone,  however.  Saffrey  and  Finerty 
(71)  confirmed  the  findings  of  Ingier  (72)  that  pregnant  guinea 
pigs  maintained  on  a  low  ascorbic  acid  diet  aborted  or  resorbed  the 
embryos.  Injection  of  corpus  luteum  extract  did  not  prolong  gesta¬ 
tion  but  addition  of  the  vitamin  would.  This  can  be  correlated  with 
the  observations  of  Israel  and  Meranze  (73)  and  Korenchevsky  and 
Hall  (74).  Both  groups  primed  ovariectomized  animals  (rabbits, 
rats  and  mice)  with  estrogens  while  on  a  normal  diet.  The  animals 
were  then  injected  with  additional  amounts  of  ascorbic  acid.  The 
endometrium  became  enfolded  and  the  lumen  of  the  uterus  enlarged 
as  with  progesterone.  Korenchevsky  and  Hall,  however,  call  attention 
to  the  fact  that  the  epithelial  cells  were  still  the  tall  columnar  type 
seen  after  estrogen  stimulation  (Figure  6).  The  change  was  not 
completely  to  the  secretory  type.  It  seems,  therefore,  that  ascorbic 
acid  plays  a  role  in  both  the  function  of  the  corpus  luteum  and  in 
the  nutrition  of  the  uterus  but  is  not  a  substitute  for  a  hormone. 

The  high  content  of  ascorbic  acid  in  the  corpus  luteum  led  to  some 
trials  of  the  vitamin  in  habitual  abortion.  Ley  (75)  reported  success 
in  ten  women  but  further  studies  have  not  borne  out  the  original 
hopes.  The  same  is  true  regarding  the  role  of  progesterone  itself  in 
habitual  abortion.  Apparently  there  are  multiple  causes  of  this  con¬ 
dition:  a  few  patients  may  be  benefited  by  ascorbic  acid,  a  few  by 
progesterone;  but  one  cannot  count  very  much  on  these  factors. 

Thus  far,  we  have  largely  discussed  the  abnormalities  produced 
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The  effect  of  ascorbic  acid  on  the  uterus  of  rabbits  treated  with  estrogens 
(V.  Korenchevsky  and  K.  Hall,  /.  Path.  (,  Bad.,  57.-141,  1945.) 
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Fig.  7.  The  effect  of  intramuscular  injections  of  testosterone  propionate  on  the  excretion  of  several  urinary 

constituents,  body  weight  and  BMR  of  the  eunuchoid  J.X. 

(A.  T.  Kenyon,  K.  Knowlton,  I.  Sandiford,  F.  C.  Koch,  and  G.  Lotwin:  Endocrinology,  26:26,  1940.) 
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by  undernutrition.  There  is  one  type  of  hormonal  disturbance  which 
results  when  caloric  intake  has  been  excessive.  In  obese  women  one 
often  observes  irregular  menstrual  cycles.  This  would  appear  to  be 
due  to  the  leveling  influence  of  the  fat  stores  on  the  circulating 
estrogens.  We  have  investigated  the  estrogenic  content  of  the  ab¬ 
dominal  fat  of  obese  patients  and  found  significant  amounts  of  these 
substances.  Since  they  are  so  readily  soluble  in  lipids,  the  cause  of 
the  irregularity  in  cycles  probably  is  the  tendency  of  the  fat  stores  to 
take  up  the  estrogens  when  they  are  at  a  high  concentration  in  the 
blood.  Conversely  they  permit  their  diffusion,  when  the  estrogen 
level  in  the  circulating  fluids  is  low.  Thus  the  normal  fluctuation 
would  be  ironed  out  and  the  changes  in  the  uterus  and  the  vagina, 
therefore,  affected. 

The  major  effect  of  the  androgens  is  to  increase  protein  anabolism. 
The  storage  of  water,  potassium,  phosphorus,  and  creatine  is  also 
increased  (76),  (Figure  7).  This  indicates  that  the  protein  is  laid 
down  in  the  body  in  the  form  of  muscle  tissue  or  some  tissue  which 
closely  resembles  it  in  composition.  Positive  nitrogen  balances  are  most 
easily  and  markedly  produced  in  eunuchoid  individuals  or  those 
suffering  from  pituitary  deficiency;  however,  positive  balances  have 
been  produced  in  normal  adult  males  and  females  on  adequate 
diets  (77).  Even  in  conditions  of  undernourishment,  the  negative 
balance  is  reduced  by  administration  of  androgens.  The  increased 
protein  anabolism  is  associated  with  decreased  urea  levels  in  the 
blood  and  a  fall  in  urine  nitrogen.  This  would  indicate  that  there 
is  a  decreased  deamination. 

The  protein  which  is  formed  apparently  exists  in  two  forms,  or  at 
least  passes  through  two  stages.  If  the  androgen  has  been  adminis¬ 
tered  for  only  a  few  days,  most  of  the  stored  nitrogen  escapes  on 
cessation  of  androgen  administration.  If,  however,  the  androgen  has 
been  administered  for  ten  days  or  more,  a  considerable  portion  of  the 
stored  nitrogen  remains  after  cessation  of  treatment  with  the  hormone. 
It  may  be  that  the  protein  first  formed  is  in  a  relatively  labile  state 
but  is  gradually  transformed  into  more  stable  structures. 

The  effect  of  androgens  on  the  need  for  the  various  vitamins  has 
not  been  well  worked  out.  One  would  expect  that  the  need  for 
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pyridoxine  would  be  increased,  since  it  plays  a  considerable  role  in 
protein  metabolism.  This  field  needs  further  exploration. 

Besides  the  direct  effects  of  nutrition  on  production  or  those  on 
^e  end  or§an,  there  are  effects  on  the  destruction  of  the  steroid  hor¬ 
mones.  The  normal  state  is  the  result  of  a  dynamic  balance  between 
production,  destruction,  and  excretion  of  these  substances.  The  inacti¬ 
vation  processes  involved  require  certain  nutrients  and  a  deficiency 
of  these  may  lead  to  increased  endocrine  effects. 

The  most  important  organ  in  the  inactivation  of  the  steroid  hor¬ 
mones  appears  to  be  the  liver.  Zondek  (78)  first  showed  that  the 
liver  destroyed  estrogenic  activity.  He  not  only  showed  that  incuba¬ 
tion  with  liver  tissue  would  inactivate  estrogens,  but  he  claimed  to 
be  able  to  do  it  with  cell-free  solutions  and  with  a  resuspension  of 
powdered  desiccated  liver  tissue  (79).  Talbot  (80)  showed  that 
inhalations  of  carbon  tetrachloride  which  would  produce  functional 
liver  damage  would  also  decrease  the  inactivation  of  estrogens. 

Biskind  (81)  found  that  rats  on  diets  deficient  in  the  B  complex 
failed  to  metabolize  estrone  or  estradiol.  Segaloff  (82)  and  Unna 
(83)  found  that  a  thiamine  or  riboflavin  deficiency  interfered  with 
inactivation,  but  deficiency  of  the  other  members  of  the  B  complex 
which  they  tested  had  no  effect.  The  specificity  of  this  relation  of 
thiamine  and  riboflavin  has  been  recently  brought  into  question  by 
Drill  (84),  who  found  that  animals  paired-fed  but  with  abundant 
vitamins,  lost  the  power  to  destroy  estrogens  as  readily  as  the  thiamine- 
deficient  rats.  The  explanation  for  this  observation  may  be  in  the 
experiments  of  Gyorgy  (85)  who  found  that  dietary  liver  damage 
produced  by  a  low  protein-high  fat  diet  prevented  estrogen  inactiva¬ 
tion,  and  that  administration  of  lipotrophic  factors  such  as  methionine 
would  restore  the  destructive  ability.  It  may  be  that  the  severe  limita¬ 
tion  of  food  intake  on  thiamine  deficiency  may  produce  deficiency 
of  lipotrophic  amino  acids. 

Evidence  of  the  impairment  of  estrogen  metabolism  in  human 
beings  with  liver  damage  has  been  cited  by  Glass  and  co-workers  (86) . 

Testosterone  destruction  in  the  presence  of  dietary  deficiency  has 
been  studied  by  Biskind  (87).  He  found  no  evidence  of  impaired 
destruction  in  vitamin  B  deficiency  as  he  had  with  the  estrogens. 
Vitamin  B  deficiency  would,  therefore,  disturb  the  estrogen-androgen 
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balance.  He  then  investigated  the  relation  of  nutritional  deficiency  to 
menstrual  disturbances  (115)  and  to  male  infertility  (116).  In  a 
number  of  patients  there  was  a  history  of  dietary  deficiency,  and  the 
symptoms  were  relieved  by  vitamin  therapy.  Menstrual  irregularities 
are  also  common  among  undernourished  populations  ( 100) . 

The  problem  of  the  effect  of  dietary  cirrhosis  or  fatty  degeneration 


Table  7.  Steroid  Hormones  Destroyed  by  Liver  Mince  When  Incubated 
Aerobically  at  38°  C.  for  One  Hour 


Hormone 

Amount 

mg. 

Liver 

tissue 

gm. 

Treatment 

Amt.  of 
hormone 
recovered 
mg. 

Amt.  of 
hormone 
destroyed 
mg./gm 
liver/hr. 

Testosterone 

.200 

.660 

Live 

•145 

-'t- 

00 

0 

Testosterone 

.200 

.675 

Boiled 

.213 

Testosterone 

.400 

•  545 

Live 

.286 

.209 

Testosterone 

.400 

•735 

Boiled 

•403 

Testosterone 

.  400 

.800 

Boiled 

.398 

Methyl  testosterone 

.200 

.  560 

Live 

.149 

.092 

Methyl  testosterone 

.200 

.740 

Live 

.  126 

.  100 

Methyl  testosterone 

.200 

•  635 

Boiled 

.197 

HoO  soluble  testosterone  di' 
ethyl  aminoethyl  carbonate 

.300 

0 

00 

ir 

Live 

.054 

.424 

H2O  soluble  testosterone  di' 
ethyl  aminoethyl  carbonate 

.300 

.515 

Live 

.054 

.478 

H2O  soluble  testosterone  di' 
ethyl  aminoethyl  carbonate 

.300 

.6l0 

Boiled 

.289 

Progesterone 

.200 

.630 

Live 

.  134 

.  106 

Progesterone 

.200 

.685 

Live 

•  149 

.074 

Progesterone 

.  2C0 

•7^5 

Boiled 

.213 

Progesterone 

.200 

.865 

Boiled 

.197 

(Samuels  and  McCaulay.) 


has  not  been  studied,  however,  in  animals.  Samuels  et  al.  (88)  have 
found  that  human  cirrhotic  livers  do  not  destroy  testosterone  so  rapidly 
as  normal  livers;  in  severe  cirrhosis,  destruction  may  be  nil. 

Burnll  and  Greene  (89)  have  described  experiments  which  indi¬ 
cate  that  the  androgens  originating  in  the  adrenal  cortex  are  not  so 
readily  destroyed  by  the  liver  as  are  the  testicular  androgens.  Since 
the  observations  are  based  on  a  comparison  of  adrenal  implants  in  the 
mesentery  with  implantation  of  testosterone  pellets  in  the  same  region, 
the  question  of  how  much  androgen  was  produced  by  the  adrenal 
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implants  cannot  be  answered.  It  may  be  that  this  was  greater  than 
the  amount  of  testosterone  absorbed  from  the  pellets.  More  direct 
evidence  must  be  obtained  before  this  conclusion  can  be  considered 
proved. 

Progesterone  (90)  and  the  adrenal  steroids  (91)  are  apparently 
metabolized  by  the  liver.  In  fact,  there  is  good  reason  to  think  that 
any  steroid  with  an  alpha-beta  unsaturated  ketone  group  in  ring  A 
will  be  attacked  (92),  (Table  7).  Since  this  includes  all  of  the  most 
active  steroid  hormones  except  the  estrogens  already  discussed,  the 
turnover  must  be  great.  Nutritional  effects  on  the  liver  should  be  ex¬ 
pected  to  influence  the  various  functions  dependent  on  steroid 
metabolism. 

Anterior  Hypophysis 

The  foregoing  discussion  of  the  relation  between  nutrition  and 
endocrine  glands  which  are  under  the  control  of  the  hypophysis  indi¬ 
cates  the  manifold  effects  which  this  organ  may  have  on  nutritive 
processes  through  its  trophic  hormones.  In  addition  there  are  certain 
direct  effects.  One  of  the  most  marked  is  the  effect  of  the  so-called 
groivth  hormone.  If  the  pituitary  gland  is  removed  from  a  growing 
animal,  growth  ceases.  If  the  animal  is  an  adult,  there  is  a  loss  of 
weight  associated  with  decreased  appetite. 

If  such  animals  are  given  the  normal  amount  of  foodstuffs  by 
stomach  tube,  however,  weight  can  be  maintained  or  increased;  the 
primary  defect  is  not  inabsorption.  In  the  animal  hypophysectomized 
during  the  growing  period,  very  small  positive  nitrogen  balances  can 
be  maintained  but  practically  all  of  the  food  above  that  required 
for  energy  in  either  the  growing  or  the  adult  animal  is  stored  as  fat 
(see  Table  1 ) ,  ( 5,  93 ) .  This  is  true  even  though  the  amount  of  protein 
fed  may  be  quite  large.  Such  animals,  therefore,  can  assimilate  protein, 
deaminate  it,  and  convert  it  to  fat,  but  they  cannot  synthesize  it  to 
any  extent  into  new  tissue.  The  loss  of  weight  in  the  animal  eating 
ad  libitum  is  due  to  depressed  hunger  apparently  associated  with 
decreased  protein  synthesis. 

There  is  some  protein  synthesis  possible  in  such  hypophysectomized 
animals,  however.  If  such  animals  are  operated  upon,  the  wounds 
heal  rather  readily.  If  areas  of  the  skin  are  shaved,  the  hair  grows 
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back,  although  more  slowly  than  normal.  The  laying  down  of  new 
tissue,  therefore,  is  retarded  much  more  than  the  replacement  of 
tissue  previously  formed. 

If  some  disturbance  of  hunger  balance  results,  such  as  damage  to 
the  hypothalamus,  then  the  hypophysectomized  animal  will  become 
more  obese  than  a  normal  animal  with  the  same  damage,  since  the 
normal  animal  will  not  only  lay  down  fat  but  will  use  some  of  the 
excess  food  for  increased  tissue  function.  In  the  hypophysectomized 
animal,  it  is  converted  entirely  into  fat,  thus  resulting  in  the  typical 
Frohlich’s  syndrome. 

Highly  purified  preparations  of  the  growth  hormone  have  been 
shown  to  reverse  this  picture  in  hypophysectomized  animals.  Not  only 
will  it  cause  formation  of  protein  on  the  ordinary  food  intake,  but 
Marx,  Herring  and  Evans  (94)  showed  that  it  would  cause  storage 
of  nitrogen  in  fasted,  hypophysectomized  rats;  the  hypoglycemia  of 
such  animals  would  be  accentuated  and  typical  hypoglycemic  convul¬ 
sions  would  be  produced.  Evans  (95)  was  among  the  first  to  demon¬ 
strate  that  injections  of  pituitary  growth  extracts  would  produce 
giants  if  the  epiphyses  of  the  long  bones  were  not  united.  When 
union  had  occurred,  acromegalic  animals  resulted. 

Apparently  the  growth  hormone  is  not  the  sole  factor  involved  in 
this  synthesis,  however;  there  seems  to  be  a  synergism  with  insulin. 
Evans  and  his  co-workers  (96)  found  that  injections  of  highly  puri¬ 
fied  growth  hormone  into  fed,  partially  depancreatized  rats  increased 
the  output  of  glucose  in  the  urine.  This  effect  has  been  observed  by 
Mirsky  (97)  and  Gaebler  and  Robinson  (98)  with  crude  growth 
extracts.  These  workers  also  found  an  increase  in  nitrogen  excretion 
in  depancreatized  animals  rather  than  nitrogen  storage.  It  would  seem, 
therefore,  that  the  anabolic  effect  of  the  growth  extract  requires  the 
associated  action  of  insulin.  There  is  reason  to  think  that  other  factors 
may  also  be  involved  for  maximal  anabolism. 

The  growth  hormone  also  affects  the  compounds  available  for 
catabolic  processes  and,  therefore,  nutritional  needs.  Since  more 
amino  acids  are  being  formed  into  protein,  less  are  available  for 
catabolism.  Less  methionine  is  available  for  methylation,  and  the 
intake  must  be  increased  to  compensate  for  this.  Amino  acids  are  not 
being  broken  down  so  much  into  carbohydrate  and  the  supply  of 
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energy  must  be  made  up.  This  need  for  additional  sources  of  energy 
is  brought  out  by  the  observations  previously  mentioned  of  hypo- 
gl}cemic  convulsions  in  animals  with  pituitary  deficiency  when  puri¬ 
fied  growth  hormone  was  injected. 

Since  the  need  for  many  vitamins  is  greater  during  the  period  of 
natural  growth  than  during  adult  life,  it  is  not  surprising  that  the 
need  for  these  is  also  increased  during  administration  of  the  growth 


Table  8.  The  Effect  of  Growth  Hormone  Administered  with  or  without  Vitamin  A 
on  Growth  and  on  Survival  Time  of  Rats  on  a  Vitamin  A-Free  Diet 


Group 

No. 

Number  of 
rats 

Supplements  given 
daily* 

Values  at  end  of 
depletion  period 

Final 

weight 

Per  cent 
surviv' 
ing 

Males 

Fe* 

males 

Vitamin 

A 

Growth 

hormone 

Average 

age 

Average 

wt. 

I.U. 

rat  units 

days 

gm. 

gm. 

1 

4 

4 

0 

0 . 0  f 

49.1 

93-6 

81.6 

62.5 

2 

3 

3 

0 

2-5 

46.5 

87.8 

86.5 

33-3 

3 

7 

4 

0 

25.0 

49.2 

91.2 

0.0 

4 

3 

3 

10 

o.of 

48.2 

91.2 

151.3 

100.0 

5 

3 

3 

10 

25.0 

47-5 

83-4 

164.7 

100.0 

*  Supplements  started  after  vitamin  A  depletion  (Assay  period  only), 
f  Received  injections  of  placebo  intraperitoneally  daily. 

(B.  H.  Ersholr  and  H.  J.  Deuel,  Jr.,  Endocrinology  36:  280,  1945.) 


hormone.  Ershoff  and  Deuel  (99)  found  that  administration  of 
growth-promoting  extracts  of  the  anterior  pituitary  gland  to  rats  on 
a  vitamin  A-deficient  diet  precipitated  acute  symptoms  earlier  and 
shortened  survival.  The  data  are  given  in  Table  8.  The  need  for 
vitamin  D  must  also  be  significantly  increased  with  the  accelerated 
bone  growth.  The  skeletons  of  acromegalic  giants  often  show  many 
of  the  typical  rachitic  changes. 

Both  Margitay-Becht  and  Wallner  (101)  and  Ershoff  and  Deuel 
(99)  were  unable  to  obtain  any  evidence  of  growth  effect  in  animals 
deficient  in  vitamin  A.  That  there  was  some  effect  of  the  hormone 
in  the  animals  of  the  latter  workers  is  shown  by  the  early  precipita¬ 
tion  of  symptoms  and  death  previously  mentioned.  It  may  be  that 
the  growth  hormone  exerted  an  anabolic  effect  involving  vitamin  A, 
but  that  the  supplies  of  the  latter  were  so  limited  and  so  soon  ex- 
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hausted  that  the  results  of  hormone  action  on  weight  did  not  exceed 
the  experimental  error. 

This  interrelation  of  the  growth  hormone  and  the  vitamins  is  not 
surprising  since  many  of  the  latter  are  parts  of  enzyme  systems  in¬ 
volved  in  cellular  metabolism.  The  ability  of  growth  hormone  prepa¬ 
rations  to  precipitate  vitamin  deficiencies  at  an  earlier  time,  as  well 
as  the  importance  of  the  latter  in  the  action  of  the  hormone,  can  be 
used  as  a  means  of  determining  those  coenzyme  systems  which  are, 
directly  or  indirectly,  involved  in  anabolism. 

There  would  also  seem  to  be  a  definite  diabetogenic  factor  in  the 
pituitary  extracts.  Houssay  (102)  was  the  first  worker  to  point  out 
the  great  reduction  in  pancreatic  diabetes  if  the  pituitary  gland  were 
removed.  He  also  demonstrated  that  injections  of  crude  pituitary 
extract  would  increase  the  diabetes  of  the  depancreatized  normal  ani¬ 
mals  or  precipitate  it  in  depancreatized-hypophysectomized  prepara¬ 
tions.  He  showed  that  temporary  diabetes  could  be  produced  in 
normal  dogs.  Young  (103),  by  administering  large  and  increasing 
doses  of  crude  pituitary  extracts  to  dogs,  was  able  to  produce  diabetes 
which  continued  after  cessation  of  the  extract.  In  these  animals  the 
islet  tissue  of  the  pancreas  had  been  permanently  damaged,  appar¬ 
ently  by  over-stimulation  and  exhaustion.  Recently,  Cori  (7)  has 
been  able  to  show  that  a  diabetogenic  extract  of  the  pituitary  gland 
would  inhibit  the  enzymic  conversion  of  glucose  to  glucose-6-phos- 
phate  by  hexokinase  in  simple  noncellular  systems  (see  Figure  1). 
This  was  the  first  effect  of  the  hormone  to  be  demonstrated  in  isolated 
enzymic  reactions.  The  exact  role  the  diabetogenic  factor  plays  in 
normal  metabolism  and  nutrition  is  yet  to  be  determined. 

Now  let  us  turn  to  the  other  side  of  the  picture.  History  shows 
that  there  is  a  depression  of  fertility  as  well  as  an  influence  on  growth 
when  human  populations  are  subject  for  considerable  periods  of  time 
to  conditions  of  undernutrition.  The  effects  of  undernutrition  on  the 
endocrine  system  of  humans  have  been  particularly  observable  in 
Europe  during  the  war  years.  Here  the  results  could  be  compared 
with  adequate  data  on  the  population  when  the  majority  were  reason¬ 
ably  well  fed,  an  impossibility  in  Asia.  Menstrual  irregularities  were 
much  more  frequent  and  fertility  was  reduced  (100). 
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The  growth  of  children ,  as  measured  by  increase  in  height,  was 
also  reduced  (117,  118),  (Figure  8). 

1  auber  describes  the  appearance  of  a  group  of  496  undernourished 
children  from  the  Netherlands  thus:  "The  children  were  mostly 
between  seven  and  fifteen  years  of  age;  three  were  sixteen  years  old. 
On  arrival  they  presented  a  somewhat  different  picture  from  that  ex- 
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Fig.  8.  Anatomical  ages  based  upon  body  measurements  and  osseous  development 
of  11-year-old  children  in  Marseilles  in  the  fall  of  1942. 

(H.  C.  Stuart,  /.  Pediat.,  25: 262,  1944.) 

pected.  The  main  feature  of  the  malnutrition  was  not  so  much 
wasting  as  the  general  undersize.  Pallor  was  notable  and  many  chil¬ 
dren  were  rather  weak.  The  apparent  age  of  many  children  was  w^ell 
below  the  actual  age.” 

This  decrease  in  growth  and  in  gonadal  activity  are  both  compensa¬ 
tory  changes  which  help  the  organism  to  survive  in  regions  of  limited 
food  supply.  Jackson  (104)  has  studied  the  effect  of  caloric  restric¬ 
tions  in  great  detail,  both  in  the  rat  and  in  the  human  being.  In  the 
growing  rat,  Jackson  found  that  caloric  restriction  to  an  extent  which 
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would  maintain  the  animal  but  not  permit  increase  in  weight  would 
stop  the  development  of  the  ovaries,  testes  and  secondary  sex  organs. 
The  ovaries  were  the  most  sensitive.  In  adult  animals  mild  caloric 
restriction  soon  caused  cessation  of  estrous  cycles  in  the  females, 
and  somewhat  greater  restriction  for  a  longer  period  of  time  caused 
atrophy  of  the  secondary  sex  organs  in  the  male.  If  the  animals  were 
re-fed,  they  would  recover  normal  function  and  growth  completely 
providing  the  period  of  partial  inanition  had  not  been  too  long. 
After  prolonged  undernutrition  even  to  a  mild  degree,  there  was 
permanent  interference  with  both  gonadal  function  and  growth.  This 
was  particularly  true  if  the  period  of  restricted  food  intake  was  dur¬ 
ing  the  pubertal  period.  Similar  changes  were  noted  by  him  in  under¬ 
nourished  children. 

Experimental  work  in  the  last  15  years  indicates  that  the  depres¬ 
sion  of  the  pituitary  gland  is  a  primary  cause  of  these  changes.  Mason 
and  Wolfe  (105)  in  1930  showed  that  the  pituitary  glands  of  female 
animals  which  had  been  starved  had  less  gonadotrophic  activity.  In 
1931  Moore  and  Samuels  (106)  found  that  the  atrophy  of  the 
secondary  sex  glands  in  the  male  rat  on  thiamine-deficient  diets  was 
due  primarily  to  depressed  pituitary  function.  As  shown  in  Table  9, 
if  pituitary  gonadotrophic  extracts  were  injected  in  such  animals, 
normal  testes  and  secondary  sex  organs  could  be  maintained  even 
though  the  animal  died  of  the  deficiency.  They  also  demonstrated 
that  it  was  not  the  thiamine  deficiency  which  was  the  primary  cause 
of  the  atrophy.  If  rats  receiving  adequate  amounts  of  all  vitamins 
were  restricted  to  the  caloric  intake  of  the  thiamine-deficient  animals, 
the  male  sex  organs  underwent  the  same  atrophy.  Again  they  could 
be  restored  without  changing  caloric  intake  if  the  gonadotrophic 
extracts  were  administered. 

The  gonadotrophic  activity  of  the  pituitary  glands  of  female  rats 
is  even  more  sensitive  to  undernutrition.  Drill  and  Burill  (107)  re¬ 
peated  the  experiments  of  Moore  and  Samuels  using  female  rats 
and  obtained  similar  results.  Inanition,  similar  to  that  in  thiamine- 
deficient  animals,  in  rats  receiving  adequate  vitamins  produced  the 
same  reduction  in  ovarian  activity  and  cessation  of  estrous  cycles. 
Injection  of  gonadotrophic  extracts  would  bring  about  the  develop- 
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Table  9.  Effect  of  Testosterone  and  Hypophyseal  Gonadotrophic  Extract  on  the  At 

ROPHY  OF  THE  Male  SeX  ORGANS  IN  THE  RaT  ON  A  ThIAMINE-DeFICIENT  DlET 


Body  weight 


Ani¬ 

mal 

No. 

days 

on 

diet 

Initial 

Per  cent 

change  Per  cent 
at  first  change 
opera-  at  end 
tion 

Seminal 
vesicles 
at  first 
opera¬ 
tion 

Days 

of 

Condition  at  end 

injec¬ 

tion 

Testis 

Pros¬ 

tate 

Seminal 

vesicle 

A.  Thiamine-deficient  diet,  no  hormone 

206 

61 

259 

-47 

4~ 

3~ 

0 

211 

70 

190 

“34 

4 

3~ 

0 

212 

70 

196 

-46 

4- 

2 

0 

210 

73 

256 

-53 

4 

2 

0 

B. 

Fifty  per  cent  thiamine  requirement  added  to  diet,  no  hormone 

221 

70 

54 

+  155 

4- 

4- 

3 

222 

70 

53 

+  155 

4- 

4“ 

4- 

C.  Inanition  plus  excessive  thiamine  requirements,  1 

no  hormone 

220 

24 

220 

-23 

4 

4- 

3 

228 

33 

210 

-40 

3 

1 

0 

229 

33 

231 

-41 

4- 

1 

0 

230 

33 

33i 

-33 

4~ 

1 

0 

D.  Thiamine-deficient  diet  plus  testosterone 

280 

24 

179 

—23  -34-5 

0 

10 

4- 

4 

4“ 

279 

24 

189 

—  28  —44-9 

4~ 

10 

4“ 

4- 

247 

32 

226 

-27  -30.5 

0 

IX 

4- 

4 

4 

248 

3* 

218 

—  26  —30.9 

0 

11 

3 

4- 

4 

E.  Thiamine-deficient  diet  plus  hypophysis  extract  injection 

281 

24 

187 

—  28  —36.4 

0 

10 

4- 

4 

4 

282 

24 

216 

—23  -34-5 

0 

10 

3 

4 

4 

246 

3* 

212 

-36  -45-5 

1 

10 

4- 

4 

4 

284 

36 

211 

—  28  —45-0 

0 

10 

4- 

4 

4 

(C.  R.  Moore  and  L.  T.  Samuels,  Am.  J.  Physiol.  96:  278,  1931-) 

In  series  D  and  E,  rats  were  placed  on  a  thiamine-deficient  diet  until  they  had  lost  approx¬ 
imately  thirty  per  cent  of  their  original  body  weight.  One  seminal  vesicle  was  then  removed 
for  grading  and  the  rats  were  continued  on  the  deficient  diet  for  10-11  days,  the  specified 
hormone  being  injected  throughout  this  latter  period.  Testes,  prostate  and  seminal  vesicles 
were  then  removed  and  graded. 
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ment  of  these  ovaries  and  restoration  of  estrus  even  though  the 
inanition  was  maintained.  Guilbert  and  Goss  (108)  demonstrated 
that  proteins  could  be  a  limiting  factor.  When  female  rats  were  fed 
lets  containing  less  than  seven  per  cent  of  protein,  estrus  cycles 
ecame  irregular  and  finally  ceased  in  most  animals,  even  though 
ie  normai  total  caloric  intake  was  maintained.  If  the  protein  content 

C  diet  Was  seven  Per  cent  or  greater,  no  irregularity  in  the 
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estrous  cycles  resulted.  The  work  of  Pearson  (109)  would  indicate 
that  lysine  might  be  the  limiting  amino  acid  in  maintaining  ovarian 
function.  Figure  9  illustrates  the  result  of  lysine  deficiency  and 
subsequent  supplementation. 

While  protein  is  a  factor  in  pituitary  gonadotrophic  activity,  it  is 
not  the  only  factor.  We  have  just  completed  a  series  of  experiments 
in  which  the  animals  received  their  entire  caloric  ration  as  protein, 
but  in  which  the  caloric  intake  was  not  sufficient  to  maintain  weight. 
Approximately  twenty  per  cent  of  the  body  weight  was  lost  in  five 


Table  io 


Diet 

Cal./ ioo  sq.  cm. /day 

Protein  Fat 

Change  in 
body  weight 
per  cent 

Wt.  seminal 
vesicles 
gm. 

Wt. 

prostate 

gm. 

2.5 

IO 

-  9 

•  3M 

•  3i3 

i 

13 

+  3 

.097 

.135 

ii 

i 

—  22 

.  120 

.165 

weeks.  These  animals  were  compared  with  rats  receiving  much  less 
protein  but  a  total  caloric  intake  sufficient  to  just  maintain  their  adult 
body  weight.  The  pertinent  data  are  given  in  Table  10.  In  the  first 
group,  in  spite  of  the  fact  that  they  received  more  protein  than  the 
second,  there  was  severe  atrophy  of  the  secondary  sex  organs.  In  the 
second  group  these  tissues  functioned  normally.  It  would  seem  then 
that  it  is  necessary  to  have  both  adequate  protein  and  a  total  caloric 
intake  which  will  satisfy  the  needs  of  the  body  without  drawing  upon 
endogenous  protein  sources.  In  other  words,  if  the  diet  is  not  suffi¬ 
cient  in  calories,  the  protein,  both  of  the  food  and  the  tissues,  is 
rapidly  used  for  energy  and  the  pituitary  gland  is  not  able  to  obtain 
sufficient  material  for  synthesis  of  the  protein  hormones. 

The  work  thus  far  cited  has  largely  been  done  on  animals.  This 
is  because  in  the  animal  the  experimental  conditions  can  be  controlled 
and  the  particular  organs  responsible  for  the  disturbance  can  be  ob¬ 
tained.  All  of  these  facts  once  established  can  be  paralleled  by  human 
cases.  The  importance,  therefore,  of  recognizing  the  influence  of 
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hanger  and  malnutrition  on  the  endocrine  system  must  be  borne  in 
mind  by  the  medical  profession. 

Particularly  significant  is  the  greater  susceptibility  of  the  pituitary 
inland  to  damage  at  the  time  of  puberty.  It  is  at  this  time  that  the 
damage  may  more  easily  become  permanent.  This  was  well  illustrated 
in  two  recent  cases  at  the  Salt  Lake  County  General  Hospital.  They 
were  women  in  which  diabetes  had  been  recognized  at  the  ages  of 
11  and  13  years.  Severe  diet  restrictions  were  instituted  and  both  had 
given  evidence  of  undernourishment  during  the  subsequent  four 
or  five  years.  In  one  woman  proper  dietary  measures  were  begun  at 
the  age  of  17,  at  which  time  she  had  not  menstruated.  Thereafter, 
with  insulin  and  adequate  total  caloric  intake,  she  gained  in  weight 
but  did  not  menstruate  until  the  age  of  22.  Since  then  she  has  had 
bleeding  periods  about  once  a  year,  but  normal  function  has  never 
returned.  In  the  other  case  menstruation  also  did  not  begin  until 
restoration  of  an  adequate  caloric  intake  with  proper  insulin  control. 
She  began  to  menstruate  at  the  age  of  18,  one  year  after  restoration 
of  adequate  nutrition.  She  also  has  been  very  irregular,  bleeding 
periods  being  quite  far  apart.  The  vagina  and  uterus  are  infantile, 
the  latter  organ  being  so  small  as  to  be  hardly  palpable.  She  has 
also  remained  a  dwarf,  being  less  than  five  feet  tall,  although  her 
growth  during  her  earlier  years  was  entirely  normal.  The  mammary 
glands  never  developed.  Undoubtedly,  this  condition  of  malnutrition 
would  probably  account  for  many  of  the  dwarfisms  and  other  dis¬ 
turbances  in  diabetic  children  as  they  pass  through  puberty.  It  seems, 
therefore,  very  important  that  nutrition  be  controlled  during  pubertal 
development  if  permanent  gonadal  damage  is  to  be  avoided. 

The  effect  of  undernutrition  on  the  pituitary  gland  is  not  limited  to 
the  gonadotrophic  hormones,  though  these  apparently  are  most  sensi¬ 
tive  to  nutritional  deficiencies.  Mulinos  and  Pomerantz  (110)  have 
shown  that  growth,  thyroid  and  adrenotrophic  activity  can  be  disturbed. 
The  human  case  last  quoted,  as  well  as  the  observations  on  European 
children  previously  noted,  illustrates  disturbances  of  growth  similar  to 
those  seen  in  the  studies  of  Jackson  in  rats.  Mulinos  and  Pomerantz 
demonstrated  that  growth  extracts  from  the  pituitary  gland  would 
restore  the  increase  in  length  of  the  skeleton  even  though  the  total 
weight  might  be  constant. 
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They  also  observed  that  while  the  adrenals  of  severely  restricted 
animals  would  show  an  hypertrophy,  partially  undernourished  rats 
which  would  outlive  those  on  the  severe  deficiencies  showed  adrenal 
atrophy.  Here  again,  pituitary  extracts  would  restore  the  adrenal 
gland  (111).  Selye  (112)  at  first  was  unable  to  confirm  this  on 
chronic,  mild  undernutrition.  However,  he  found  that  when  a  high 
carbohydrate  diet  was  fed  so  that  not  only  was  the  caloric  intake 
restricted  but  the  protein  intake  was  considerably  reduced,  he  obtained 
the  adrenal  atrophy  observed  by  Mulinos  and  Pomerantz.  It  seems, 
therefore,  that  while  the  adrenotrophic  hormone  may  be  formed  at 
lower  nutritional  levels  than  the  gonadotrophins,  it  also  is  limited  by 
caloric  and  protein  intake. 

Summary 

In  summary,  then,  let  me  emphasize  first  that  endocrine  factors 
are  important  in  determining  the  caloric  need  and  the  methods  by 
which  foods  will  be  utilized  in  the  animal  body.  Their  effects  are 
often  offset  in  part  by  compensatory  adjustments  of  the  hunger 
mechanism.  The  compensatory  adjustments,  however,  may  not  be 
perfect;  they  may  be  too  great  or  too  little  and  abnormalities,  there¬ 
fore,  result. 

In  particular,  the  pituitary  growth  hormone  is  essential  for  protein 
anabolism.  In  its  absence,  anabolic  processes  will  not  go  on  no  matter 
what  the  intake  of  protein  is.  The  growth  hormone  will  act  much 
more  efficiently  if  adequate  thyroid,  gonadal,  and  insulin  levels  are 
also  maintained. 

Nutrition,  in  turn,  will  effect  hormone  production.  This  also  can 
be  observed  in  human  beings  and  is  particularly  important  during 
the  period  of  puberty.  The  pituitary  hormones  seem  most  sensitive 
to  deficiencies  either  in  caloric  intake  or  adequate  protein.  The  other 
endocrine  organs  may  also  be  disturbed  by  specific  deficiencies.  An 
example  is  the  adrenal  gland  and  pantothenic  acid  restriction.  These 
matters  should  always  be  kept  in  mind  in  dealing  with  human  beings 
who  show  signs  of  endocrine  disturbance. 
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